INTRODUCTION {#sec1-1}
============

Opioid withdrawal signs are bothersome and therefore drugs such as methadone, buprenorphine and clonidine have been administered to alleviate these signs. These drugs can also facilitate entry of opioid addicts into recovery and/or rehabilitation programs([@ref1]--[@ref3]).

In addition to chemical drugs, several medicinal herbs including *Crocus sativus, Cuminum cyminum, Ferula gummosa, Otostegia persica, Portulaca oleraceae* and *Rosmarinus officinalis* have been investigated for their suppressive effects on opioid withdrawal signs in animal models([@ref4]--[@ref9]). *Carum copticum* (L.) C. B. Clarke or ajowan caraway from Apiaceae family is a worldwide used plant that grows in different parts of the Middle East, Indian subcontinent and Iran. It is used as a remedy in traditional iranian medicine for treating several gastrointestinal and nervous disorders like flatulence and colic pains. The *C. copticum* fruits are commonly known as "Zenyan" in Iran([@ref10]--[@ref12]). Chemical constituents and pharmacological and biological activities of the plant have been the subject of several researches over the years. Phytochemical studies have revealed that tannins, flavonoids, saponins and essential oils are the prominent components of the fruits([@ref11]--[@ref16]). *C. copticum* extracts and essential oil are reported to have anti-cholinergic, tracheal relaxant, antispasmodic, bronchodilator, antitussive, anxiolytic, anticonvulsant, analgesic, anti-inflammatory, antihypertensive, hepatoprotective, antimicrobial, antiviral, antioxidant and antimutagenic effects([@ref11][@ref14]--[@ref16][@ref17]--[@ref24]).

The purpose of the present study was to evaluate the possible effects of the total and polyphenolic extracts of *C. copticum* fruits on morphine withdrawal signs in mice.

MATERIALS AND METHODS {#sec1-2}
=====================

 {#sec2-1}

### Plant material {#sec3-1}

Dried fruits of *C. copticum* were purchased from the local market of city of Isfahan and cultivated in Kashan, Iran. The plant material was identified in the Science and Research Branch of the Herbarium Department of Tehran Islamic Azad University by Dr. Iraj Mehregan and a voucher specimen was deposited in the herbarium department of Barij Essence Pharmaceutical Co., Kashan for future evidence (Herbarium number: 198-1)

### Preparation of extracts {#sec3-2}

The plant extracts were prepared as described earlier([@ref25]--[@ref27]) with little modification. For preparation of total hydroalcoholic extract, dried and powdered fruits (100 g) was soaked by adequate volume of ethanol:water (7:3 v/v) and the extraction was carried out for 72 h to obtain full extract using percolation method. The extract was then shuddered, filtered and evaporated in a rotary evaporator under reduced pressure until a semisolid extract yielded at 48.3 % w/w.

For preparation of p olyphenol-rich extract, same plant materials were weighed out. Extraction of polyphenolic compounds was carried out in two steps, first with ethanol:water (9:1 v/v) and second with ethanol:water (1:1 v/v). At each step solvent was added to make slurry with the fruits powder and then was left for 48 h. The two extracts were then combined and evaporated. The resultant extract was then cleared of low polarity contaminants like xanthophylls, chlorophylls and fats by extraction in a separating funnel with chloroform three times. This solvent-extracted aqueous layer, containing the bulk of the flavonoids and other phenolic compounds, was then evaporated to dryness under vacuum in an evaporator. Evaporation and solvent removal of the extract gave a semisolid mass yielded 10.4 % w/w. These extracts were stored in a refrigerator.

### Animals {#sec3-3}

Male albino mice (25-35 g) were provided by the animal house of School of Pharmacy and Pharmaceutical Sciences, Isfahan University of Medical Sciences (Isfahan, Iran). They were maintained in 12/12 h light/dark cycle at 21 ± 2°C with free access to food and water. All experiments were carried out in accordance with local guidelines for the care of laboratory animals of Isfahan University of Medical Sciences (Isfahan, Iran).

### Morphine dependence {#sec3-4}

Dependence was induced by subcutaneous injection of morphine to mice at doses of 30 and 45 mg/kg on day 1 and 60 and 90 mg/kg on day 2 (8:00 am and 6:00 pm). On day 3, a single dose of morphine (90 mg/kg) was administered at 8:00 am([@ref7]).

### Naloxone-precipitated withdrawal syndrome {#sec3-5}

Withdrawal signs were elicited by i.p. injection of naloxone hydrochloride (5 mg/kg) 2 h after the last injection of morphine. Counted and checked signs were evaluated during a 30 min period starting just after naloxone injection. Jumpings were counted and checked signs including diarrhea, hyperventilation, ptosis, tremor and piloerection were evaluated over 3-10 min periods with one point given for the presence of each sign during each period (range of scores: 0-3)([@ref7]).

### Statistical analysis {#sec3-6}

The data were expressed as mean ± S.E.M. One-way ANOVA followed by Duncan test was used for comparison of data and *P* values less than 0.05 were considered significant. The Mann-Whitney U test was used for comparison of checked signs data. All statistical calculations were done with SPSS for windows (SPSS 13) software.

RESULTS {#sec1-3}
=======

Hydroalcoholic extract at doses of 1 and 2 g/kg significantly (*P* \< 0.05) reduced number of naloxone-induced jumpings. Compared with control group, these doses produced 66% and 73% reduction of jumpings respectively. Clonidine as the reference drug reduced jumpings by 84% ([Fig. 1](#F1){ref-type="fig"}). The effect of polyphenolic extract of *C. copticum* on naloxone-elicited jumpings is shown in [Fig. 2](#F2){ref-type="fig"}. As it is seen, the polyphenolic extract at doses of 0.5, 1 and 2 g/kg significantly (*P* \< 0.05) inhibited jumpings. Effects of hydroalcoholic and polyphenolic extracts on non-countable signs including tremor, hyperventilation, piloerection, ptosis and diarrhea are summarized in [Table 1](#T1){ref-type="table"}. Both extracts significantly (*P* \< 0.01) inhibited tremor. Also the maximum applied dose of the extracts significantly (*P* \< 0.05) reduced ptosis.

![Effect of different doses of hydroalcoholic extract of *C. copticum* on naloxone-induced jumping. Morphine dependent mice (n=6) received different doses of hydroalcoholic extract of *C. copticum* or vehicle via oral route 90 min prior to naloxone (5 mg/kg, i.p.) and number of jumpings were recorded during a 30 min period. Clonidine (0.2 mg/kg, p.o.) was used as standard drug. Data are mean ± S.E.M. of 6 mice in each group. \* *P*\<0.05 compared with control group (ANOVA and Duncan).](JRPS-7-127-g001){#F1}

![Effect of different doses of polyphenolic extract of *C. copticum* on naloxone-induced jumping. Morphine dependent mice (n=6) received different doses of polyphenolic extract of *C. copticum* or vehicle via oral route 90 min prior to naloxone (5 mg/kg, i.p.) and number of jumpings were recorded during a 30 min period. Clonidine (0.2 mg/kg, p.o.) was used as standard drug. Data are mean ± S.E.M. of 6 mice in each group. \* *P*\<0.05 compared with control group (ANOVA and Duncan).](JRPS-7-127-g002){#F2}
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Effect of *C. copticum* hydroalcoholic and polyphenolic extracts on checked signs of naloxone-induced morphine withdrawal in mice (n=6)

![](JRPS-7-127-g003)

DISCUSSION {#sec1-4}
==========

*C. copticum* contains essential oil and various polyphenols, including flavonoids. Thymol and its precursors, *para*-cymene and *gamma*-terpinene are the prominent compounds of its essential oil([@ref11]--[@ref13][@ref15][@ref23]). These natural compounds are present in several members of Apiaceae and Lamiaceae families and ameliorate morphine tolerance and dependence in mice([@ref5][@ref7][@ref9]). As it was mentioned in result section, polyphenolic extract of *C. copticum* inhibited jumpings. Our results are in agreement with previous reports indicating the suppressive effects of polyphenolic compounds on morphine withdrawal([@ref28][@ref29]).

Some flavonoids including quercetin, flavone, catechin and chrysin have been reported to block naloxone-induced contracture of guinea pig ileum after exposure to morphine([@ref28]). Naidu and coworkers reported that quercetin can reverse naloxone-induced jumps of morphine dependent mice and they concluded that this effect may be via suppression of nitric oxide synthase activity([@ref29]). Also some flavonoids potentiate brain GABA~A~ receptors and increase GABA-induced currents in rat cortical neurons. Flavonoids may also be capable of modulating glutamate excitotoxicity via attenuation of calcium influx or by direct scavenging of reactive oxygen species([@ref30]).

In general various systems including purinergic([@ref31][@ref32]), adrenergic([@ref33]), dopaminergic([@ref34][@ref35]), excitatory amino acids([@ref36]--[@ref39]) and nitric oxide([@ref40]) are involved in suppression of opioid withdrawal syndrome. On the basis of the above-mentioned evidences, it is possible that the alleviative effects of *C. copticum* extracts on withdrawal syndrome in mice are exerted via potentiation of GABA neurotransmission, suppression of glutamate receptors and/or suppression of nitric oxide pathway([@ref15][@ref28][@ref30]). However, the exact mechanism of action of this plant is not known and further investigations are needed to clarify it.

CONCLUSION {#sec1-5}
==========

It can be concluded that *C. copticum* and especially its flavonoids have a modest potential in alleviating morphine withdrawal syndrome and further studies are required to identify the effective components.
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